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THE CONCEPTS AND CAPABILITIES 
OF MOLECULAR ELECTRONICS 





Today, an electronic subsystem, such as an amplifier, is constructed of 
many components connected in a suitable circuit. Tomorrow, as a result 
of a new concept called molecular electronics, a small block of material 


may perform the same function. Such devices have been demonstrated. 





DR. S. W. HERWALD ponents in any system is the product of all the individual 
Vice President, Researc] probabilities of a component tunctioning without failure, 
Wests ghouse Electr an = ind better quality control does not invalidate this limita 
Pittsburgn, Pe —, Lior imposed bv the laws of probability Small r and lighter 
Efforts to elevat 1 space ralt to new |] teaus ol components In more compact prac kages can be obtained by 
‘ yability re ) vr le more dithcult throug i I turization, but such techniques, while exploiting 
é lox. As these craf ( t technology, do not vield maximum reliability. On 
cated through t se of adv ed electro gear, the risk the contrary, the emphasis placed on size and weight re 
of fa re mong wore s 1 connections grows. And duction has usually meant that components and internal 
s this more x electronic eq ent is tions become so critical that they must be built with 
viding for its weight and size | mes mor itt t extreme precisio! if their failure rate is to be acceptable 
As a result, focus rograms f In the recent past, a substantial part of Westinghouse 
r D1waity pilus welg t and size fe ] ( research and deve moment effort has been focused on a new 
equipment, are now underway in several locations. Thess and quite distinct approach to both problems. This in 
problems can be approached SEV \ For exan volves a new concept in the design and function of ele 
1 1 reliabilitv can be realized by better quality cor tror systems, called ‘molecular electronics,” to indicate 
t f compo ts 1 conn ms. However, the prob ts dependence on phenomena occurring within or between 
b S eous § ssi yperatio t mn lomatns of molecules in the solid state 


Fig. 1 Three of eight molecular electronic 
function blocks demonstrated as subsystems. 
Device bearing concentric arcs is an audio 
amplifier, at center is a free running 
multivibrator, and at right, a two-stage 

video amplifier 
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Recognizing the potential importance of this concept 
¢ Wright Air Development Division’s Air 
Force Electronic Pechnology Laboratory contracted with 


to defense, th 
Westinghouse in a program to prove its feasibility Specity 
objectives were: to determine to what extent molecular 
electronics can be used to perform complex functions in 
several systems of basi importance to the Air Force; to 
deve Lop subsyst ms for those systems and to deve lop new 


materials to advance the usefulness of the concept. 


progress to date 

As one accomplishment of the joint program, a variety 
of molecular electroni function blocks” are bei g pro 
duced, three of which are shown tn Fig. 1; these solid-state 


clements achieve, entirely within themselves, electroni 





results previously gained only by assembling many varied 
items of electronic hardware. Because of this, these ele 


ments are not intended as “‘components,”’ such as transis 


tors and tubes, but rather as ‘‘subsvstems.”’ Examples ol 

functions performed by function-blocks are such electroni 

operations as amplification, os¢ illation, and telemetering 
Be use there are no mternal connections or com 


ponents, and the onlv external connections needed are 


those tor coupling Inputs and outputs to the complete 


, 
il to or 


system, risk of failure of subsystems should be equal 


} } | 
less than that of familiar solid-state devices, and perhaps 


one-thousandth of that for a subsystem built of many 
parts This abilitv of molecular clectronics to reduce the 
number of components and connections required 1S 
lustrated by a comparison of three designs for a light tele 
metering subsystem, Fig. 2a and 2b. When designed to use 
clectronic tubes this subsystem required 16 components 
118 soldered connections; when cle signed t »> use tral 


tors, it required 14 components and 15 connections. In cor 
trast, a molecular electronic subsystem to achieve 
purposes needed but one component ind two connections 


Also, because their internal functions involve distances 


s 
f 


ola tew atomnu spacings, these fur 
microscopically small and virtually weightless. For exam 
ple, weight of light telemetry subsystems has been reduced 


from about one ounce to one quart 





sandti ola 0 ct 

As a result of the joint program, cight classes of function 
blox ks have beer developed to demonstrate the feasibility 
of molecular electronics at frequencies ranging from 
frared to direct current. These function blocks are: (1) a 
five-watt directly cas« ided audio amp her 2 
video amplitier 3) a frequency selective amy] } 
notch filter in a feedback loop around the am 


ture; (4) a variety of multivibrators—bistable, monostable 


ible 5S) a vaniable pote ntiometer based on logarith 


mic addition of two inputs; (6) a variety of multiposition 
switches (including an “OR” switch, a multiple NPNP 
Dynistor switch, dnd a multiple NPNP Trinistor switel 
with firing electrode); (7) an analog-to digital converter 
‘ ploy yan NPNP relaxation oscl itor; and (8) a two 
stave cooler, using the Peltier effect, covering frequencies 
from one cvcle or less to three megacvcles, tor cooling 


frared detectors to proper operating temperatures 


Substantial knowledge of solid-state phenomena rar 


vi oped over the past 40 vears serves as the basis for these 
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molecular electronic subsvstems. Materials having exces etfect for the thermoelectric generation of electricity to 
Sive positive or negative electrical charges are simple to nvert 110-volt ac to 9-volt de power In contrast, the 
create and, by placing these materials in phys contact conventional circuit, Fig. 4, requires tive individual com 
wit! related materials, suct phenomena iS rectification or ponents transformer, a diode, and the inductive and 
amplification can be achieved. Another phenomenon that pacitive elements making up the LC filter circuit. To 
can be use lto 1\ tage Is the bility of 1 | st WISH this purpose with molecular electronic methods 
charge paths to occur in a semiconductor matet ny requires a function block comprised of the three separats 
which current will flow when the mater s irradiated mn s. When ac power is applied to the resistive do 
Effe ts of this general tvpe are used in n ( liar ele I the heat generated passes through the domain ai the 
tronic blocks by creating—usually in single crystals ter (this domain ts an electrical but not a thermal in 
number of distinct operative domains, wt De re tor ind into the thermoelectric domain where the 
var led is mole lar mmunities having mmor ergy is converted into electrical energy by the Seebeck 
civic purpose, In that eact domain will sust desired ffect. By proper control over the materials used the 9-volt 
electronic occurrence. The domains border one ther at itput can be provided. An interesting aspect of the 
boundaries called interfaces, which are like | t fror wower supply is that elimination of ripple as an indesirable 
tiers their al t tiate phe ‘ f f tio vi ve erent, since heat tlows from the 
se occurring inside the molecular doma ~ t tive domain to the thermoelectric domau it prac 
As a simple « e. the element diagrat ‘ Fig. 3 , nist + rat 
S mposed of two don st meet . t \ ese tWo eXxal es suggest, the concept of molecular 
t f C)ing Se T Ss Ti worse t ) rn Kes e¢ ot the traditio i circuit ind 
ter Sele ‘ S “eel t res resist Rk ’ ent pr to electro | stead the objective 
the passage of current; the other domain ts also re t t se knowledge of the structure of matter to synthesize 
s so planned that it has a resistance Re. At the ter ! tion blocks whose arrangement and composition per 
e. the inte ' jomains ses in electronic 
eis 7 ‘ , 
Another et f the cece of , 
f sisaf ‘ L signed as , 
Vv for transistor ts. It kes us t Ss 





A 





RESISTIVE DOMAIN 
Resstonce of R 





Fig. 3. Schematic drawing of function block of two re- 


Demonstration of high-level amplifier as a dc amplifier. Intensity 
of light impinging on solar cell is fed to function block as dc signal sistive domains and one capacitive interface, whose 
voltage. Supplied from battery, functior block amplifies signal and total effect is that of an RC or time-delay circuit. 
delivers matching dc output to head lamps. 
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must lend itself to consistent results when included in a 
function block. Methods typi al of prac tice so far include: 
solid-state phenomena, such as Seebeck generation, Peltier 


the of PN 


semiconductor junctions arranged to produce a result that 


cooling, and Hall-effect) multiplication ust 
ndividual components 


ts 


otherwise would require numerous | 


and when necessary, fabrication of circuit elemet withar 


a function block. Although such phenomena will be used 
most often for the control of electrical signals, th CV Will also 
be suitable when quantities like electromagnetic radiation, 


heat, and mechanical displac ement are Inputs or outputs 


I} design of a subsystem begins with the designer 
analysis of the svstem requirements, to establish the tur 


tions to be pert rmed by the function block After LOL 
processes are determined and suitable physical effects set 
tled upon, a Lopologist a mathematre n who works wit 
Shapes detern ‘ the structure of the Nock by at y 
Ing, on paper, the arrangement of domains and interfaces 
that is to control the flow of energy in the block. The block 
Is the produced by the materials engineers, who use 
germanium and silicor the basic mater 

These blocks are t assembled trom various t on 
ponent Rather, the starting point i basic semicondu 
tor Vuler ind the necessa;ry dom ~ | nterlaces re 
produced by techniques used in the production of conve 
tional semiconductor devices, including diffusion, plating 
electron beam machining, etching, cutting, radiatior 

oving, and photographic processes. Although the block 
so produced can now perform its functio idditional prov 


A molecular electronic function block as audio amplifier in a con- 
ventional phono system. Frequency range 
output is 5 watts when heat sink is used. Amplifier is at right in 
black mounting. At left is a molecular electronic preamplifier. 
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is 0 to 20000 cycles, 





essing steps are required to encapsulate the block, protect 
it against shock and vibration, and make it stable under the 
conditions of temperature and radiation it will encounter. 


the materials problems 


The essential philosophy of m ler r electronics is that 
materials can now be creat , nea ad nd processed to 
endow them with the abilitv to accomplish electronic tasks 


through solid-state phe nomena. The foundation for success 


is the ability to develop new materi | to process ava 


able materials in new ways 


One important illustration of the contributions made by 


materials scientists is the development of a method for the 
rapid production of semiconductor crystals in a form that 
requires no removal of material to make them into suitable 
Walers tor use as transistors or as the basic elements of! 
molecular electronic elements. 1 ( endrile proce 
in which germanium crystals in the form of ribbons about 
one-eighth inch wide and a few t isandths of 

thick are produce | by drawing them trom a moiten mass 
In the conventional method, gern im crystals are growl! 
is thick ngots, or boules, which require X-ray rr crystallo 
graph inspection before they can be sawed into pre Ss 
oriented wafers and then must be pped, etched, | 
polished to obtain a satisfactory working surface. In ad 


tion to the waste of material and the cost of machining 


volved in the standard method, a seriou 


its use for the production of molecular electronic blocks 1s 
the wide variation in characteristics frequently displayed 





RESISTIVE DOMAIN 


INSULATING DOMAIN 


THERMOELECTRIC DOMAIN 





Fig. 4—-Schematic drawing of ac-to-dc power supplies: 
1) conventional method using transformer, diode, and 
filter circuit; and (2) molecular element with resistive, 
electrical-insulating, and thermoelectric domains. 
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Fig. 5 Ribbon bearing multiple-junction 
systems on germanium crystal produced by 
dendrite process. 


three lavers of zones and two interfaces. Thus it will 


yer be necessary to perform many operations to 





t I 
lultizone clement 
producti sidering the implications of this basic method for 
molecular electronics, however, junctions must be built in rvstal growth, one most interesting possibi tv is that it 
idjacent portions of the same crystal; thus it is essential to prove practical to combine our ability to grow multi 
have materials whose characteristics are unifort I the med crystals with our ability to perform operations on the 
vield is to be accept ible rystal at the time it is growing in the furnace. Admittedly, 
Other advantages of this dendritic method of importance to eve near-automatic production of semiconductor 
to molecular electronics are these: It is essent y a col evices and molecular electronic function blocks is a long 
tinuous process In which the germanium ribbon grows at a range objective, but it is probable that some items of 
rate f6tollu hes per minute and in the pre St rector ( tronic equipment as compicx is radio receivers ind 
t crvstal growth required for ipp tio | I eventually be “grow Iron poololmolte 
r crystallographic examination Is necessary the sur I mductor materials 
taces of the ribbon are always correctly oriented, optically Present programs of planned research will yield solutior 
flat, and immediately usable as working surfaces. An add to such problems as the development of materials that w 
tional advantage is that if a contaminant enters the melt thstand very hig! temperatures ind intensive radiatior 
during the process, the resulting inclusion is “‘self ‘ nd the development of function blocks that will have high 
so that when the process is completed, the affect: Ortior power handling capacities. Also, the ability to produce 
can be cut away and the ur iffected portior putt Ist rge, perfectly flat working surfaces on crysta of ger 
Although this dendritic method has immediate usefu n im will be basic to increasing the power-handling 
ness mol r electronics, its greatest sig s it | ty of mol r electronic function blocks 
bilitv to br vy ibout imber of con t ‘ 
sails teats tnttalaattins Gemcttenel thacke As mee the future of molecular electronics 
tion makes it possible and practical to carr t diff The urgent need for light, small, and highly reliable 
p ting, nd evaporatior processes dirt I ) tne ryvst tronic systems il ” inswered by ipp tio ol the 
is it grows from the furnace melt. With this technique molecular electronic concept. At first, of course, applica 
semiconductor devices car bye created t t re re 1\ lor the t , \ A mited Dy cost and the necessities ol defense 
ittachment of leads. One of the first uses has been to grow to uses where the need for reliability, lightness, and com 
transistors in the form ol a long germanium cryst pactness 1s greatest, as in airborne systems iter, aS ex 
When the ribbon-like crystals are cut into segments perience is gained in developing and fabricating molecular 
only simple processing 1s needed to produce transistors at electronic blocks, they will tind application i ind-based 
a yield very near 100 percent. By this method, lengt i military equipment and, ultimately, in commercial and 
ribbon have been produced along wl n ! tiple ndustrial applications 





unction subsystems are distributed, Fig. 5. Since these Although there was a 20-vear interval between the 


ribbons can easily be processed to become y Serie iT ention of the vacuum tube and its first Significant applica 
tiny ampiifiers, this ribbon Cal be "SI Ipped { ( yt ete) ind in S-vear intery il between the cle velopment ot 
» provide amplifiers of any desired gair the transistor and its first uses, it 1s almost certain that no 

\ more recent and extremely significant ement lelay kely for molecular electronics. In three to 
the discovery ot! method of growing multizone I t live ears the molecular electro concept wi probably 
s dendrites, directly from the furnace melt evelop by dely applied in air space electronic systems for such 
ment isan rr event in new technology of 1 ( t mportant applications as telemetering, tire control guid 
electronics It makes available basic buildu gy Dloct ny ce. communications, counter we pons, ind flig! tcontro|.® 
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THE ELECTROMAGNETIC DRIVE... AN ECONOMIC 
ANSWER TO MANY DRIVE PROBLEMS 


The electromagnetic coupling, used in conjunction with a squirrel-cage 
induction motor, provides a versatile adjustable-speed drive. 


R. P. BLEIKAMP 
Industrial Engineering Department 
Westinghouse Electric Corporation 


Fast Pittsburgh, Pennsylvania 


The squirrel-cage induction motor is inherently simple and 
rugged in construction, and is relatively inexpensive be 
cause of this simplic ity and because of its great volume of 
manufacture. It is almost automatically selected for the 
great majority of constant-speed drive applications and is 
used in conjunction with other apparatus to power the ma 
jority of adjustable speed drives. This ‘other apparatus,” 
which provides adjustable output speed from constant 
speed, runs the gamut from simple pulley changes through 
the complex combinations of de machines and control that 
make up large adjustable-voltage systems 

The clectromagnetic (or eddy-current) coupling is one 
of the simpler methods of obtaining adjustable output 
speed from the constant input speed of squirrel-cage mo 
tors. Its use has grown rape ly in recent years because 
modern drive designs provide reliability and minimum 
maintenance, good space economy, high ethe lency, and a 


variety of special operating functions. 


principles of operation 

An electromagnetic coupling provides the same basi 
function as the familiar mechanical clutch—an adjustable 
output speed is obtained from constant input speed by 
controlling the amount of slip between the two rotating 


members. However, unlike such clutches, the electromag 


DRUM 





netic coupling has no mechanical contact between the 
members to cause wear and require adjustment or replace- 
ment; torque is transmitted by an electromagnetic reaction 
between the two rotating members. Also, the slip produced 
by this reaction can be continuously controlled much more 
precisely and over a wider range than is possible with the 
mechanical clutch. 

An ele tromagneti ( oypling has three bask components 
—a rotor made up of multiple pole pieces, a hollow iron 
cylinder or drum that surrounds the rotor, and a coil to 
provide the primary electromagnetic fields to the system 
These basic parts are shown diagrammatically in Fig. 1 

The coil is energized with direct current; the magnetic 
fields thus established are as shown. The radial air gaps be- 
tween the rotor pole pies es and the drum are small relative 
to the direct gaps between the pol s. Therefore, esse ntially 
all the magnetic flux from the rotor poles on one side of the 
coil flows through the drum in reaching the opposite poles 
on the other side of the coil. The flux, of course, concen- 
trates in the drum in the area directly between the ad- 
jacent opposite poles. When either the drum or rotor is 
turned, these flux concentrations sweep circumferentially 
through the drum since they always remain adjacent to 
the rotor poles, which are moving relative to the drum. 
Phis continual change in flux density at all points around 
the inner surface of the drum induces eddy currents in the 
drum. These eddy currents establish secondary magnetic 
fields, which interact with the primary fields produced by 
coil current to deve lop torque between the drum and rotor. 


INPUT SHAFT 








Fig. 1—-A diagrammatic sketch of a 
rotating field electromagnetic coupling. 
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STATIONARY.-FIELD CON 





FIELD-COIL AIR GAP 


i@}ie Bue ts) 


FINNED Drum ® 


Fig. 3 An induction motor and electromagnetic coupling are 
mounted ina single frame in this integral-horsepower Magna- 
flow electromagnetic drive. 
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in excitation and with increases in the difference betweet 


thre Input ind output speeds This is show: more precisely 


in big. 5 by four typical speed-torque curves, shown tor 
maximum and three reduced values of excitation. The 
changes in torque resulting from ‘ inginy ¢ tation pro 


vide the means for operating the output at selected peed 


below the Input speed The coupling excitation 1s idiusted 
so that coupling torque at d load t rque are equ it the 
desired operating speed. Any change in load torque re 
quires a compensating change in excitation to n nta 

constant output speed 

electromagnetic coup ’ ssumes a variable torque put 
prime mover, such as induction motor. that is bl 
of producing whatever torque ts called for by the load and 
hence the coupling. As previously noted, the clectromag 
netic Coupling is similar to a slipping mechanical clutch 
insolar as its torque transmission characteristics are con 


cerned output torque Is essential V equal to Input torque 


(neglecting friction, windage, and inertial torques The 


electromagnetic coupling is not a torque converter 
excitation control 


The us¢ fulne SS of the ( le ctromagneth coupling de } ! ds 
on proper control of excitation. Several basic controls and 


a wide variety of auxiliaries or modifications for specia 
functions are available 

Open Loop Control—The simplest type of basic control is 
adjustable excitation through a rheostat from a de source, 
as shown in Fig. 6. This type of control does not provide 


automat regulation of output speed to a pre selected 







value. Adjustment of coupling excitation merely establish- 
es the speed torque curve (Fig. 5) upon which the coupling 
will operate. Output speed is determined by the intersec- 
tion of the load speed-torque characteristic with the cou 
pling speed-torque characteristic. If output speed is to be 
held reasonably constant, the intersection of these charac 


teristics must be relative ly sharp. If this intersection is not 
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to siip In other words. the torque increases with increases 


FIELD HOUSINGS 


STATIONARY-FIELD COIL 


DRUM MAGNETIC BARRIER 


transient variations in | 1 torque demand 
or drift in coupling characterist lue to such effects 


heating, may result in large spec 


Lherefore this typ ol contr Ss usu vy not appli 
even for the simpler cases where speed control is desired 
However, it is a verv desiral ! ns of obtaining cor 
trolled acceleration of a load and adjustable torque limiting 


Tachometer leedback ( pile Most electron net 


drives re used lo provide i'r { f speeds that n he 
preselected by the operator and t tomati Vv ma 

tained wit triations in load det lor to automati \ 
idjust the speed through a evel ordination with some 
other process variable. The bas <citation control for 
such drives is a tachometer fe k speed regulator. Ir 
this control (Fig. 7) a tachometer generator, mechanically 


driven by the coupling output shaft, provides a volta 


} re 
signal proportional to speed. Sigt s compared to 
reference voltage and the result gy error signal used to 
adjust coupling excitation to hold a speed proportional to 
the relerence voltage The desired reference voltage IS es- 
tablished either by oper tor adjustment ol a speed-setting 
rheostat as shown, or by a Sig! Irom some process vari- 
able that is to control the speed of the drive 

since this type of basic control is the most widely used, 


it is considered standard in the M vl iflow drive. Compact 


1} 
ac brushless tachometer generators are integrally incor- 


porated in all couplings Also, packaged controls contain- 


I] 


ny a 


components, including referet source, necessary 
for providing regulated dc coupling excitation from an a 
power source are available in both the electronic and 


transistor-magnetic amplifier types 


The simplest Magnatlow electronic control holds steady- 
State pre-set speed within +2 percent olf maximum drive 
speed with 75 percent load change. A long-time speed drift 
of +1 percent of maximum speed is also to be expected 
Other standard electronic controls providing steady-state 
speed regulations as low as +0.5 percent with 75 percent 
load change and +0.5 percent long-time drift are available 


at only slightly increased cost. Special controls providing 
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+ 0.25 percent speed regulation and +0.25 percent drift, 


or +1 percent speed regulation and +0.1 percent dri 

also available for certain types of load characteristics 
Standard transistor-magnetic amplifier controls provid 

steady-state speed regulation of +2 to 


2.7 percent (ce 
pending on drive rating) with 75 percent load change and 
long time drifts of +2 percent. 

Because excitation requirements of electromagnetic cou 
plings are extremely low in relation to the power they 
transmit (1 percent or less), very compact static controls 


of the above types operating directly from the usual ac 


power source can be provided without sacrificing consery 
tive sizing of components for long life and dependability 


The Magnatlow electronic control for drives up to 4) } p 
is shown in Fig. 8 


losses and efficiency 


Slip loss is the major loss in an electromagnet yupling 
It Is essentially equal to the difference between input shaft 
power and output shaft power and can be evaluated as 

] npu rou ipu rome ) ft) 

\,- npu heed (rbm 

N2=output speed (rpm 


ViT 
Input power (HP 


5250 

\.T 

Oul pul power (HP en 
; V.iT NT 
Slip Loss (HP) = 5 — 5 
SZ50 S250) 

=T X (Ni—N,) 
5250 


=Torgue X Slip rpm 


3950) 


RPM 


300 


SPEEL 


40 





Fig. 5 — Typical sr -=.'-torque curves for elec- 


tromagnetic dri for electromagnetic drive. 
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Fig. 6—(Top) Manual excitation control 
system for electromagnetic drive. Fig. 7 
Bottom) Feedback speed control system Fig. 8 Magnafiow electronic control for 
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Other losses are: Windage and friction, 0.25 to 0.75 per- 
cent; magnetic drag, 1 percent or less; excitation, 1 per- 
cent or less; and in the case of liquid-cooled units, coolant 
acceleration loss, 0.5 to 0.75 percent. 

These losses appear as heat and must be dissipated by 
cooling fluid 


air in the case of air-cooled couplings, 
| water or oil in the case of liquid cooled couplings 
\s the formula shows, slip loss, the only loss of major 
concern, increases with increasing torque and with in- 
creasing slip, or decreasing speed. Therefore, the amount 


| ! 


ol operation and the torque required at reduced speed 1s 
the prime consideration in determining the suitability of 
eddy-current drive for any given application and in s¢ 
cting the typ of such drive to be used ur ofr liquid 


wled. On many industrial applications, operation at dras- 


t vy reduced speed is of very short duration and or con- 


bly less than full-load torque. In such cases, air 


nits dissipate the heat adequately and convenient 


Applications u volving continuous operation at very 

speeds with high torques require a liquid-cooled cou- 

Vv Westing! ruse Maynatlow liquid-cooled couplings 

1! drives are capable of transmitting full torque con 
Si\ if ? 


At rated tor 


jue and maximum output speed, the slip 


ss of an electromagnetic coupling will be from 2 to 4 


ent of output power. Therefore, peak efhciency ts in 
ig! borhood of 92 to 96 px recent (100 less slip loss anc 
ther losses mentioned above). At reduced speeds, slip loss 


mes the dominant factor and efficiency 1s essentially 


jua »> the ratio ol itput speed to input speed 


Because the electromagnetic coupling is a slip device 


requentiy the initial inclination 1s to assume that It 1s 


lite inefficient. Actually, for many types of adjustable- 
eed Loads ind operating cycles, the electromagnetic cou- 


ng is the most efficient ty 


yt of drive available. For ex- 








electromagnetic drives up to 30 horsepower. 
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ample, in the medium integral horsepower ratings a de 
generator and motor combination used in adjustable-volt- 
age control will have a maximum combined efficiency of 
approximately 70 to 75 percent (exclusive of the ac motor 
driving the generator). As mentioned above, an eddy- 
current coupling has an efficiency of about 92 to 96 percent 
at maximum speed and full torque, decreasing to the 70 
to 75 percent range at about 75 perce nt speed. There fore, 
for applications where most running is in the high end of 
the Spee d range (part ularly at high torques), the overall 
operating eth lency of the eddy current drive will be con- 


siderably Sup rior. 


application considerations 

In general, the same factors must be considered in ap- 
plying electromagnetic drives that are considered in apply 
ing any electric motor drive. The more important of these 
factors are mentioned here with speciic comments apply 
ing to the electromagnetic drive 

Running Torque 
transmitting the torques required by the load at the vari 


First, the « oupling must be capabl of 


ous speeds at which it is to operate; and second, it must 


do so without excessive te mperature rise, taking the time 
of operation at the various speeds into consideration. In 


many ‘cases, particularly in the medium integral horse 


power range where the integral motor-coupling drives are 


usually used, this can be easily determined with a know] 


i hor epower that 1s required to drive 


at maxim im peed, and the manner in which the 


the load 


edge ol 
torque 
requirement of the load varies with decreasing speed. As 
previously noted, the large majority of industrial machine 


have constalr 


requiring adjustable speed it or decreasing 
torque requirement with decreasing speed. In such cases 
it is a simple matter to determine if the lowest continuous 
operating speed is within the continuous full-torque oper- 
ating range of the drive 

In other cases it may be necessary to determine that the 
operating speed torque points fall within the 100 percent 
excitation speed-torque curve of the electromagnetic drive 
and that the s ip loss associated with operation at high 
torques at any speeds, and with any torques that are at 
low speeds outside the continuous operating range, will 
not cause heating in excess of the thermal rating of the 
specific coupling under consideration 

Iecelerating Torqgue—The coupling must have sufficient 
torque-transmitting ability over and above steady-state 
load torque to break away and accelerate the driven ma 
chine. In all Westinghouse Magnatlow integral motor- 
coupling drives the coupling is designed to exceed the 
torque capability of the standard NEMA B motor at all 
points. Therefore, if it is known that a standard NEMA B 
motor 1s ¢ apable of accelerating the load in question, there 
is no doubt that the integral motor-coupling electromag 
netic drive will be capable of doing the job. In those cases 
where a NEMA B motor would not accelerate the drive 
or where s¢ parate motors and couplings are to be selected, 
it will be necessary to refer to the coupling characteristic 
curves. However, it should be kept in mind that the in 
duction motor locked-rotor torque is of no concern and 
only its pull out torque ne ed be considered because in elec 
tromagnetic drives the induction motor is started and up 
to speed before the coupling is energized to start the load. 
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Therefore, full induction motor pull-out torque is available 
for starting the load through the coupling 

Decelerating Torque—Some industrial drives must de- 
velop dece lerating torque under certain conditions, either 
to limit speed when the load becomes overhauling, or to 


force the driven machine speed from a higher operating 


speed to a lower operating speed or to a quick stop. Cau- 
tion must be exercised in applying electromagnetic drives 
to loads requiring braking torque for either of these rea- 
sons because electromagnetic couplings with speed regu- 
lating control will not develop braking torque. When sucl 
braking torques are required, an eddy current or other 
type of brake must be added to the drive alo g with con- 
trol to energize the brake when a speed reduction or stop 
is desired. Standard control modifications to provide either 


automatic braking when the stop button is pressed or 


regulating function 


braking as part of the automatic spee 
are available in Westinghouse Magnaflow Drives. Also, 
n be ¢ isily provided 


in the coupling. The latter type of brake is usually used 


integral eddy-current or disc brakes ¢ 


only for an emergency stop feature 
Before de iding to gotoa braking svstem, i check should 
be made to determine if the driven machine has a high 
ratio of load torque to load inertia. In such a case the speed 
may drop quickly enough without any external braking so 
that the simple drive may be adequa 
Duty-Cycle A pplication—Machines that present cycli 
loads can normally be powe red by drives that a 
ously rated at less than the peak load requirement of the 
driven machine. If the period of the cycl load is short 
compared to the thermal time cons 
the only calculation required in select 
to determine that the average slip loss 
the coupling thermal rating 
High-Inertia Drives—The slip energy 
clectromagneti coupling In acceicratin 
Wo (watt-seconds) 
0.000231 *& WR? (S¢ 
where S; is slip rpm at beginning speed 





at ending speed 
he temperature rise this energy w cause in the cou- 
pling is dependent upon drum mass 


} > - 1 _ 
accelerating period. Excessive temperature rise in the cou- 


pling from this source will not be encountered in the ma- 
ority of industrial applications 


factor, appropriate acceleration controls can be employed 


summary 

Where the electromagnetic drive meets application re- 
quirements, it is frequently a uesirable choice for providing 
adjustable speed. 

Phe device is simple in construction, and rugged, thereby 
requiring a minimum of mainte! e. No power convert- 
ing equipment is required, only a low-power, wall-mounted 
excitation unit. The device has a wide speed range. For 


example, the Magnaflow Drive can provide regulated speed 


down to 100 rpm. With the popular 4-pole induction mo- 
tor, a 1i7-to-1 regulated speed range can be obtained. 
Special functions are easily added to the control, either 
during initial manufacture or in subsequent field modifica- 
tions. Furthermore, the electromagnetic drive is easily co- 


ordinated with other drives of the same or different types. ® 
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Fig. 1 General arrangement of basic elements 
of a reheat-regenerative steam cycle. 


HEAT POWER CYCLE FUNDAMENTALS 


While steam power plants have changed marked- I In a I form before conversion. 


In plants inter led for electric power generation, this 


ly during the past several decade Ss, the hasi prin- 
ciple s that guide their de sign still apply. 


rted to form the plant heal rate 


HeatingV alue of Fuel, Btu lb X Fuel Fired 1b hr 
Vel Power Plant Oul pul, k 
S. LEMEZIS, |) S Engineer 
tea his 1 ul ra blished in Federal Power 
Westinghouse Eke Electric Institute statistics, and 


(Angeles, Calif 4 charves the plant vitha osses between the maximum po 


tential energy present in the particular fuel fired and the 


The purpose I ower p tis to t t energy tual net electrical energy aval ible for transmission to 
force f ’ , r Scig ' ir tilitv customers. <- 

é tr energy. This is accomplished gy up Since steam turbines and their associated feed heaters 

se t r mMivnalr ' of son VOrTk g fi | early ind piping represent ibout one-third of the total cost of 

Ss Steal t uy ra ir I t ] cw power pDiant, the perlormance le ve ot proposed 

cSt vas rt ¢ p ts. St I t tur ‘ ind details of the regenerative feed heating cvcle 

t S310 ( nent stk 0) rangement Vays receive Carel ittention trom plant 

designers. Turbine and feed heating cycle performance 


1 guaranteed as a furbine heal 


heat rate are invariably expressed and 


\ ther va I cle isn le to operate bv putt v ral¢, detined iS IOLOWS: 
ei eet : = Gstal tus cmmmrine . mnreesit ” a 
Tk uid by pumping ) i 7 val heat upp ied lo the 
rou ele A adding heat at r tin th enere -— , 
1 adding he it re \ rt ta team turbine cycle. Biuw hr 
evels d then extracting energy in the desired form at Gross Turbine Heat Rate 
. Generator Oul pul, k 
expressed in gener terms: The total heat upplied to the steam turbine cycle in this 
, ‘ 1 t d t} t hrottl st } t st 
: cas would ‘ « that in throttlh team, rehea eam, 
; Useful Energy Output in Desired Form $y 
Efficiency makeup water, boiler blowdown water or steam, plus that 
Heat Energy Inpu 
from miIsce imecou Sources 
set energ output ca be either electr " Ir IT} gross turbine heat rate is numerically equal to the 
m cat energy inp t ] | t eat rate Wall compone nts ¢ xcept the turbine and 
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Fig. 2 Temperature-entropy diagram 
showing ideal steam cycles. 


feedwater heaters are assumed to operate at 100 percent 


} 


ethoiencyv ofr vitt ero power requirements He it rate 


equations are completely arbitrary, and there is consider- 


able variation in the practice followed by various con 


sultar isers, and manufacturers when expressing the 


performance of a given turbine and feed heating cvcle in 


this manner. Comparisons bet weer performance of several 


alternate turbine feedwater heater cvcles will be valid only 
i the same heat rate equation is used tor all 
Because the entire useful output from any power plant 


is obtained by converting heat into mechanical energy of 
rotation in the turbine element. the turbine itself and its 
| 


operating cycle must be designed for the highest conversion 


rate attainable within the plant’s economic limitations. 


Historica ly, steam-turbine cveles have fallen into three 
dominant during 
Some cra, and all of whi are used today to in extent de 
pending upon the economics of a particular installation 
Note that steam plants whose primary purpose is the 
reneration of clect ri power operate on a condensing cvcle: 
that is, the working steam is expanded from throttle pres 
sure and temperature down to an exhaust pressure that 1s 
Oniy ] »toO }! » DS! ibove absolute MoToO Phese low exhaust 
pressures are obtained by condensing the exhaust steam 
to water at temperatures near or slightly above room 
temperature Condensate ts all returned to the boiler, to 
bye gin another circuit. Seldom does a chemical process or 


] 


a heating system require low pressure and temperature 


steam in the quantities that a turbine would exhaust when 
expanding steam to pressures near atmospheric; but in the 
few instances where this might be true, a noncondensing 


turbine might prove to be most economical. 
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Fig. 3 Temperature-entropy diagram show- 
ing saturated steam regenerative cycle. 


! 


Three arrangements of a condensing steam cycle are: 

Straight Condensing—This technique was used almost 
exclusively before 1920, and is still used small installa- 
tions (usually industrial plants under 10 000 kw) today. 
Phrottle steam may be saturated or superheated, but every 
pound is expanded down to exhaust pressure and is con- 
verted into water in the condenser. This water at con- 
denser hotwell temperature is then fed to the boiler. 

Regenerative Feed-Water Heating Chis 


almost universally today. Some two-thirds of the total 


nethod is used 
’ ] 


heat energy present in each pound of steam at throttle 
4 


conditions still remains when it has been expanded to 


condenser pressure; and each pound of steam leaving the 
turbine exhaust must be condensed to maintain the con 
denser shell pressure at its low absolute value. Thus it 
follows that some two-thirds of the heat put into the steam 


by a boiler working with a straight condensing turbine is 


necessarily fost in the condenser rculating water 
Regenerative feed-water heat ng was Introduced in the 


early 1920’s to prevent the loss of at least portion of 
this “latent heat” from the cycle. Condensate from the 


condenser hotwell is passed throug! series of feed-water 


heaters before being reintroduced to the boiler. Some 20 
to 35 percent of the throttle steam flow is « xtracted from 
between turbine stages at various points during the ex- 
pansion process and this “extracted steam” is allowed to 
condense in the feed heaters, thus givir rup its latent heat 
he condense r 


to the feed water instead of re 
For each pound of throttle steam then, o1 ly 0.65 to 0.80 


pound actually has to give up its latent heat to the con 
denser circulating water; the remainder of the latent heat 
is ‘‘plowed back” into the boiler feed water. Fitting even a 
few heaters to a straight condensing cycle in this way 


increases the cycle efficie ncy by a good percentage. 
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18 000 


rrocess), and therefore represent the performance ot 100 


m can be shown with the saturated 


Use of the diagrar 
steam cycle ABCDA; i.e., one in which steam is supplied 


to the turbine th no moisture and zero ce ures superheat 


= 

5 se: T saturated Potal thermal energy supplied to the 
= cvcle above absolute cero level is shown by area 1BCLA 1, 
© 12 000 while the total energy available for conversion above ex 
3 haust temperature level ts shown by ABCDA. The theo- 
= retical thermal ethiciency of the cycle is the ratio: 

< 10 000 

= fratlable Energy ABCDA 

3 ail Total Energy Supplied ABCLKA 

a 


If the throttle steam pressure is 1450 psig and the exhaust 





mre ire LSow es Hy absolute, this theoretical thermal 
6000 ‘ ‘ . be 39.25 percent 
] ) ler t benet effect of superheating steam 
4000 } expal | | the turt ‘ col sider the relation ot 
( ie I t tot heat adc 1 ¢ / VLA | ¢ theo 
INITIAL TEMPERATURE DEGREES F , : 
{} tt . werhneat Lion 534.62 percent 


Fig. 4—-Heat power cycle developments for t temperature FE of 1000 deyvrees | The eth 


{ he | 1 sur t wortion of this 
’ ' ' shat af ¢ rated portion 
R R : Act t erhe IBCEFA 
Ss rat (A) CMD v | ut ‘ "> thie re t 
A reg | r ‘ te t kor 
. =f ’ f 1450 p t ‘ t f 1000 
t 25 t I | ( By H I { t theo 
ress i < {2 vercent 
ts t . t | lded to the e by « ling to 
essure v ste t (y t tur! cut t te t e el 
' st press H tant pre then ex 
| gy . ' P ' A, ¢ theoret 
} er e ext ef jc er ‘ Ad re t to 
] t , 1(MM re 1450 p TOO) ree 


, erat | ( rt t p the ct { 1 mov v 
Ry . ‘ ' ' tDJi t ‘ f ot the 
P j test pat 
eT T ist t t t ts t , 1 tt r\ MU 
‘ + rT r te ‘ ‘ t ) lt ‘ thie it ‘ 
} ' I t depend t entire 


r t to ste be exp t f r 1450 p 1000) degr LOM) cle 
ay ane eer reheat from 1.5 inches Hg absolute to 1.0 inch 

{ REET te dias fo t H mprove the theoret e efficiency 

3 | ie 2 | SCISS tr 5 $4.54 I t to 45.260 percent | etiect » pro 
ther Y syst It f est ¢ t pressure (temperature) t t can be 

y | fl t t Ss 0 t I t | ( ( ) ) VO | nt take nace it 
I the r mounts of 100 percent « 1 some pressure drops would be 

‘ ee bys | C. t d reheating: theretore there 
r the 7-S diagrar | t y wuld be a greater rease in entropy during each process 

s be se the « t licated on the theoret liagram Fig. 2, and the 

ert cs ) reast r yor the e energy’ to the “unavailable ene rey” 
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areas would be lessened. Obviously, no real cycle could are added at varying temperatures. Heat is rejected to the 


attain the effi iency levels calculated for a theoretical condenser at a constant temperature 
cycle, but the effects of changing steam conditions can be The three curves marked “Ideal Regenerative Cycle” 
studied on a theoretical basis and valid conclusions drawn. show the difference between the irreversible regenerative 
In explaining the thermodynamics of regenerative feed steam cycle and the reversible Carnot cycle. This estab 
water heating, it is helpful to refer to a modified 7 S dia- lishes a new and higher limit of heat rates that can be 
gram, Fig. 3, on which entropy is considered a distributive approached but never reached. In these nonreheat, single 
quantity and the abscissa is then total entropy. A B¢ DA reheat, and double reheat ideal regenerative cycles, there 
would represent a theoretical saturated steam cycle, in are none of the losses that occur ill practicable cycles. 
which the steam flow to the condenser was exactly equal These cycles, then, are comprised of a perfect boiler having 
to the throttle steam flow lo heat the feed water from no losses; a turbine having 100 percent eflicien¢ i feed 
temperature 1 to temperature /2, steam is extracted from heating system having an infinite number of heaters 
the turbine at pressures /, 3 Sand 7 and gives up its latent heating the feed to a tempe rature rresponding to satura- 
heat in four feed heaters which successive ly heat the feed tion at the throttle pressure; a generator having 100 per- 
water through temperature ranges 1-9, 9 /0, /0-/7 and cent ethe iency; and no power requireme! t for fans, pumps 
// 72. Feed water enters the boiler at temperature /2; and other auxiliary equipment. The gains with increasing 
on such a piot, the available energy 1s represented by the temp rature for the Ideal Regenerative ¢ ycies are gre iter 
area 1BC/2345678EA, while the unavailable ene rgy 1s than for the Carnot Cycl because the initial pressures 
represented by AFGFA. Regenerative feed heating has have been increased with the increases in temperature 
reduced the unavailable energy by i greater percentage The three curves marked ‘Rea thle Regenerative 
than it has reduced the available energy. In fact,a calcula Cycles” show the record of progress m ide in the deve Op- 
tion of the old 1450 psig, 1.5 inches Hg absolute cycl ment of the steam cycle from 400 psig, 750 F, 11% inches 
shows that the theoretical ethe lency can be raised from Hy absolute in 1926, to S000 psig 1200 F with two stages 
39.25 percent to $7.85 percent by introducing the maxi of reheat each to 1050 F and a back pressure of 1% inches 
mum amount of feed heating possible (infinite number Hg absolute in 1955. The increased slope of these curves, 
of heaters, feed water heated to saturation temperature at as compared to the curves for the ideal regenerative cycles, 
throttle pressure The gains attainable from regeneration represents the improvement in component efficiencies 
are so great in proportion to the cost of attaining them that The difference between the “rea ble” and ‘idea 
feed-water heating is used in every utility station today cycles represents the stack gas losses (the difference be- 
From studying theoretical steam cycles and accurately tween the stack gas temperature and the ambient air 
measuring their 7-S diagrams, the general conclusion cat temperature) ; the turbine inefficiency (blading inefficiency, 
be reached that the wav to Improve thre emhorency of any leakage losses, throttling losses, exhaust losses); the feed 
given cycle 1s to raise the throttl pressure, throttle and heating cy le losses, inc luding the boiler feed pump losses; 
reheat temperatures, number of reheats, and number of the electrical and the mechanical losses, and the auxiliary 
feed-water heating st ives. ( areful study of the figures losses such as fans, pumps, al d ights. Since the diffe rence 
shows that the beneticial effect of any given increment in between the “realizable” and ‘idea cycles 1s much 
pressure, temperature, or number of heaters or reheats ts greater than the gains to be made by steam temperature 
less the higher the level from which one starts to add these increases, the greatest economic gains probably are to be 
increments. In actual power plar ts, the design problems mace by reducing these losses 
associated with pressures and temperatures and the com Perhaps a breakdown of the heat distribution for a 
plication resulting from many reheaters or feed heating typical modern large coal-burning reheat steam power 
stayes set practical economic limits to the use of these plant will be of interest and point up the relative magni- 
devices for increasing plant efficiency tude of the losses that stand between actual performance 
. and complete conversion into electrical energy of all heat 
heat-power cycle improvements energy present in the fuel. The figures for a 300 mw 
Phe heat-power cycle has come a long way since the 2400 psig, 1050/1000 F, 1 inch Hg absolute, 3600, 1800 
early steam turbine, when plant heat rates of tilty thou rpm, cross compound unit are: 
sand Btu per kilowatt hour were representative Salable Kilowatts 39.60; 
The lower curve (Fig. 4) marked “Carnot ¢ vcle’’ shows Boiler Loss O(N; 
the ultimate efficiency of a power cycle for any given initial Hydrogen in Fuel Loss $00; 
temperature. This from the tan r equation: Unavoidable Condenser Loss 34.5 
Tnitial Tem peralure Final Tem perature Purbin and Feed ( ions Loss IS . : 
Efficiency Auxiliary Power | ey 
Initial Lem perature Electrical Loss 6! 
The temperatures are absolute, or Fahrenheit plus $59.4 Mechanical Loss Pa 
In the Carnot cycle all heat is presumed to be added at a Boiler Feed Pump Loss VV 
constant temperature al d waste heat is also rejected at a 100.06, 
constant temperature However, in any practical cycle heat Continual development of components used the 
is added at varving temperature Therefore, heat addition Stream power plant have prod ed a steady re luction of 
is an irreversible process In the steam cycle, heat is added losses and consequent improveme ts in plant heat rate 
to the feed water at a varying temperature, evaporation While the steam power plant will never reach the “ide 
is at a constant temperature, and superheat and reheat situation, further reduction of losses is probable « 
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PATTERNS FROM INDUSTRY 


Westinghouse ENGINEER 








fe 














oe 


Jeeeeeenentrnnt 


= 





hapes. Herewith, a sampling of pat- vault, where sound measurements are 
terns recently taken by Westinghouse made on large transformers; (Right 
photographer ; Center) Teeth of a low speed gear of a 

(Left) Part of the stator for a hvdro- main reduction gear assembly for a 


electric generator during construction; Navy destroyer; (Right) Steps for an 


(Left Center) Lining of an anechor electric stairway, during final inspection. 
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CIRCUIT BREAKERS... 


A. W. HILL 
Eng eering Ma 





345-kv, 25-million kva oil cir- 
cuit breaker 


Today, oil is the most widely used interrupting medium for high-voltage 
high-power circuit breakers; but the outstanding arc-quenching ability of 
sulfur-herafluoride gas makes this medium a particularly good bet for 
the future. 


rst tin the electric utilit [ ibout five rs ago, most of the major progress i 
sits vice of three n rtvp yf hig t breaker ce the United States made wit 
r circult breakers ) ly | t [ ) bre 1KCTS The ew ce 4 l ) 1! s br grit 
peculiar advantages t r breaker back into style to some extent, particularly 
» et t it ) is obit tho ible And 
r t power Sullur exatluoricde breaker 

roduced 


Engineers borrowed freely from the many gains already 
eved with oil breakers in designing both the air and gas 


breaker For exampl bot! breaker types employ grounded 
metal tank construction, a common subtrame, mec} 
between poles, and bushing-tvpe current transformers 
With these features common to all three designs, the major 
differences between breakers lie in the actual performance 


of the interrupting medium 


In spite of the complaints about oil maintenance, the 
bulk oil breaker continues to be the workhorse of the in 
dustry ind probably will remain so for several vears in the 


future. It has a good record of performance s available 


needed ratings, fits well into most station layouts, and 


Its burlt In interrupting ibility 1s relatively Iree ot delicate 


Even for indoor service, where fire hazards could be an 


important consideration, oil breaker installation has con 
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Voltage Cl 
345 

230 

161 

138 

115 

69 

46 


15 
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Table |1—INTERRUPTING 


34. 


138-kv, 
breaker 


a fairly uniform rate for many 
kva and larger breakers have been discontir 
mostly generator breakers In ear 


these were 


ttle need is found for any kind of breaker for 


this erTvice Now Not oniv has the yenerai dem 1 tor 
indoor oil breakers of moderate size kept up, but | 

n ettort been warranted to reduc es (20 rather 
t} ?? h tanks for 250000 kva) and impro t 
rupt I te tics 

In cer wations, such as chemical plants, the ope 
irc of uir breaker could touch off an explosion. Obviously 
{ j Vet sed oil breaker afford the protectior needed 
here « the arc is under oil and 1 le a steel tank. In 


RATINGS OF WESTINGHOUSE 
POWER CIRCUIT BREAKERS (MVA) 


INDOOR OUTDOOR 


ass (kv Oil Air Oil Air SF, 
25 000 
20 000 15 000 
15 000 

10 000 


15000 10000 


10 000 6000 1000 
5900 
3500 250 
5 1500 2500 


1500 2500 1500 





10-million kva compressed air 





This 





Improvement, 


vears More t I I the 1 ed ) lor 
voltages of 115 kv and above n interrupting g 
of 10-m m kva or more. At the lower end of the size 
scale, the interrupting ratings ot mmon-tank 15-kv de- 
signs have been doubled, from 250 000 to 500 000 kva 
And interrupting times have been speeded up to better 
than twice their fault-clearing speed of two years ago 

At no time has higher continuous current proved to be a 
serious limitation—witness the OUOU-ampere generator 
voltage breaker, and 2000 3000-ampere transmission- 
voltage breakers 

Muct is been done in the past few vears to add to the 
attraction of the bulk oil breaker rr example, with better 
ouprool gaskets, it has beet Dos e to put a manhole on 
the side of the tank rather than the top, adding much cor 
venience for the maintenance man. 1] three tanks have 
been welded to a sub-frame, permitt or (ie very to the site 
ola completely assembled and adjusted breaker—only one 


piece to lift off the freight car for ratings as high as 161 kv 
Oil volumes have been reduced by one-half through mort 


efficient interrupters, and by one-half again when the 


“Watch Case” tanks were applied at 230 ky 1 above 
Phis design could well be app $00 kv also. “Watch 
Case’ tanks are not used at 115-138 kv because with 
the ultimate reduction in electt earance, there is not 
enough space left for a man to rk inside the tank 

In all these areas, and in faster t better reclosing 
properties, sound insulation, minimum radio interference, 


2 no 
as long 


and overall practical reliability, the oil breaker | 
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115-kv SF. breaker has 
been in service three years. 
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been avcepted as a well-established device. It will not be inside the tank, and since it surrounds the interrupters, 


easy to Ctsplace it with some alternate device gives prompt extinguishing action when the valves are 





: opened and the contac ts separated Phe loud re port usually 
r 
= issociated with the operation of compre ssed-air breakers 1s 





The desire to eliminate oil has been recognized for many greatly reduced in severity by the baffling effect of the long 
vears In switchgear development programs. Designers were hollow lead-in bushings 
quite sure that utilities in this country would not ept a In moderate high-voltage areas, this compressed-air de 
mere reductio ) volume suct is ( mor Sit s yood breaker, but appears to be unsuited to ex 
breakers of I uropeal desig! Phe oil poor design does not tremely high voltages for economic reasons Units have 
eliminate the fire risk and messiness of o lling nad been produced from 46 to 138 kv, and neither high kva nor 
in fact, only adds a measure of hazard from flying pores mtinuous current have been a limitation. A low ohm 
Furthermore, the addition of current t formers t stor has bee ised across each main break during the 
adds considerable expense to the Oll-poor ] ts : 0 tching operation to control recovery voltages, so thre 
effort was directed to this end DT ker is net limited in any way by a powel system that 
Westinghouse switchgear designers Ve my - VI : hivh rate-ol-rise of recovery voltage The breaker de 
that good interrupters uu 1 be mace 1s 4 mpressed I tern es Its own recovery rate The bre iker Is ho larver 
stead of oil, ind sever times In the past Sy I Cper I mvVventiona nl breaker ind en ovs the same desir 
net t cle ns werel 4 t I il etl rtto hap t Spr ‘ | I re I VT sunded stet tanks tor safety economical 
to outdoor, high-voltage service. However, t [ y-type current transformers, delivery fully assem 
probiem was to provide a mit rilor su I { me plece ind Inspection ind maintenance at 
) | meet Is Tr sale Ss | le the tank duri v ement weather 
rrent measurement ] ! r | loor Set to 34.5 kv. weather-prooting ts ) 
sts. This prot visted < hs ’ mnier t n for outdoor 
signers T \ ( : ‘ Ho ‘ exter ur ! ceded 
ssurized ste k s s used t hy stitied for r ms of eco 
t v1} eT yf S I lis ry ! r t ‘ hk NI rta ] te 
= g studs—tr ‘ to } fp P id fravile 
sho Vv ve ter flere tro \ t \I yst the ~ I bor 
15-at spheres pressure ft shes ' fur ‘ st of these breakers 
' ; } ¢ Sot breaker gener \ 
’ rt ) ‘ ‘ 1! yenerator breaker 1s 


8 


8 


tiple ' ‘ bier fiar lded yal tivity 
e ot breake re by t terrupter, has 
rut ! for y repetit pera 
500 t ! ‘ } ipacitor f KS here 
tacts entahl 
Ea 
5 «0 sulfur hexafluoride 
ss 
= By 1947, Westinghouse research scientists had a good 
6 ture of the le ralyle r terrupt y properties ot the 
© 500 fur ft] ric Swit year ¢ { ect vere ‘ 
r »t | ct it ever cle y e bee 
rect a se ‘ l, tt t sy ' le got m 
— t th o d air re if tion re 
co’ tter r u electr stre rt ) t] nrabalit 
safe operat r tore re d chen tabilit S| 1) 
proaches the cle ir nterrupting medium more close 
1 other k ) materia Being ne Vin the held th 
yg villneed a somewhat different approach in design work 
But circuit breaker engineers are convinced that when the 
| ind bolt ire trranged property they will be 
| ling the breaker of the tuture 





Number of breakers shipped each year by Westinghouse with : Ri ( pt R. E. | { : k 
ratings over 2'’2 million kva. 
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Sulfur hexafluoride can be handled safely and easily. In thus greatly simplifying breaker foundation structure. 
ten years’ experience, no problems of personnel safety have And even the 230-kv, 15-million kva breaker can be 
arisen in either routine shop manufacture, or laboratory shipped fully assembled on a welded steel base, bushings 
development work, and never has any special mask or and all, to most of the stations in this country 


glove been required. An air hose is used to flush out a 


breaker after testing, and the testers then work on the conclusions 
insic parts without delay The yas is costly enough to war The favorable characteristic of sulfur hexafluoride — 
rant pumping it out rather than throwing it away when a unusual arc interrupting ability, freedom from carbon, and 
breaker is opened, and conventional pumping equipment high dielectric strength—are making possible new breaker 
can store enough for a 3-pole, 230-kv breaker in about 20 designs that can combine the better features of both 
cubic feet of tank at 35-atmospheres pressure sulating-oil and compressed-air circuit breakers. This new 
The larger ratings were tac kled « iriy in the program to breaker can, therefore , be expects 1to assume a Major role 
be certain that this design would not have a limited ceiling among circuit interruption de, 
And, again, all the proven good points in the oil breaker Over the next 5 to 7 years, the S breaker Shows prom 
design were retained—grounded steel tanks, bushing cur ise ol re plac ing the well-established bulk oil breaker, first at 
rent transformers, and convenient maintenance at ground transmission voltage levels, and shortly thereafter at the 
evel. The identical pneumatic operating mechanism used higher distribution voltages. Further study will be required 
on oil breakers for the past 10 years is used on this new to determine whether (or how) Sk. will find application to 
breaker. Gas pressures need not be high, for Sks has i breakers rated 15 kv and below. The decision will be based 
herently the qualities needed for insulation and interrup on economic factors, which have already shown advantages 
tion. Ground shock, even at highest fault duty, is absent, for Sk. at high voltages * 









Above) One pole of the 15000-mva 
SF. circuit breaker. (Right) Artist's 
drawing of the 3-pole assembly for 
a 230-kv, 15 000-mva SF, breaker. 
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THE FLASH EVAPORATOR ...A VERSATILE DEYVICE 
Use s for the flash é aporato? include the prod uc tion of potable water, high- 
purity hoile r make-up, and ultra-pure water for industrial proce SSES. 
R. . COM E. F. STALCUP y potable w ter trom sea water ed ) ‘ nve 
; 1) 
“WV , . i i e evaporators tor produc purity 
( é | j i-p ( 
‘ | t { 
the isin dinia a al design of flash evaporators 
é () S e \W | | mle. f evaporatior irelatively mple proc- 
8 \ eT 
! ( ( ( 
\1 of ( O 
| | ] 1.4 
| ) 
I rv 
\ Make er ¢ 
~ ( t n ere pre ( ( l 
t 


Above Artist's conception of a 12-stage vertical flash evaporator. 





Fig. 1— Total installed capacity of land-based sea-water evaporators. 
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heats the brine. Deaeration of the make-up decreases the 
corrosiveness of the brine and enables the use of carbon 
teel shells in the unit, even for sea water applications. 
Phe heated brine then passes through a restriction into the 
flash chamber, which exists at a lower pressure, the pres 
ure being maintained by the evaporator condenser. The 
evaporator condenser condenses the distillate by transfer 


ring the latent heat of the tlashed vapor to colder raw 


water. The desired distillate purity 1s achieved by passing 
the flashed vapor through appropriate steam separation 
device The unit shown in Fig. 2 1s a single-stage device, 
which would produce slightly less than one pound of di 
tillate per pound of low pressure steam supplied to the 
brine heater, and would, therefore, result in an uneconomi 
installation for the production of large quantities of water 
Multi tavying can be u ed to increase the ratio of di 
produced to steam supplied, as shown in Fig. 3. This « 
hows one of the four 640 000 gallon-per day unit 

been in operation in Kuwait, on the Arabian 

VET two vears 

hot brine containing 84 000 ppm total di 


nter the heater at the Lop then tlows to 


Hlash chamber \ portion ol the 


the remainder tlows to the second 
lower pressure and temperature 
evaporated 1 
the condenser 
water remaining after the fourth stage 


ipplemented by make-up water, then passes 
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up through the condensers of the thir 
stages in that order, picking up heat 
heating is supplied by steam at the 
the cycle. 

The fourth-stage condenser 
water. Distilled water tlows from 


age facilities. 


applications of flash evaporators 


Single-stage submerged-tube ev 
schematically in Fig. 4, have been 
produce boiler make-up for stea1 
tion steam is passed through a 
raw water and produce pure vap 
charged into a deaerator or 
operation of the submerged-tul 1 a decrease 
in the steam tlow through the t 


3 and number 2 extraction point 


*>numpber 


work done by the turbine 

A flash evaporator can be integrat 
ative feed heating cycle, as show! 
heat transfer, both in the brine heater 
condenser, involves condensing ra 
temperature differences can be em] 
transfer rates maintained. Advance 
eparation equipment have also e! 
sub-atmospheric evaporators 

Phe location of the flash evaporat 
ina significant improvement in the generator heat 


rate since all of the energy associated with the steam ex- 
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tracted by the tlash evaporator ts returned to the regenet be extracted to heat the make-up from its entry tempera 
ative cvcie WIth no de gradation The ev iporator co 1 te ture up to the tinal feed temperature The effect of adding 
thought of as a “zero” point heater, which precedes the Vartlous amounts of make-up to a typical large turbine 
number 1 w-pressure heater and receives steal n para renerator CVC by evera! proces Cs Is hown in hig if) 
el with the number 1 heater. Sutticient extra y eal r exampl t one percent make-up the turbine heat 
iken from the turbine bv the flash evaporator and the rial increased pproximately 27 Btu per kwhr when the 

I Der 1 eale ) \ le ( proper i | ¢ ( ( }) S proy ded by i submerved-tubs evaporator 
of the condensate thout the use ol al evaporator condenser. If the same 
Che introduction of make-up into a regenerative cycle ¢ percent make-up is produced by either a demineralizer 
reas [ne \ 2 €at rate since additior i team I ra tla ! eVapor tor located is shown big a the in 
sein heat rate is ipproximate vy 160 Btu per kwhr The 

lerential ciHlect o heat rate at one y™ recent make up Is 


bout 11 Btu per kwhr, a significant improvement 


CN hated lor irge central station unit 
Add mal heat rate mprovement can olten be iwhieved 
ca 100 MW TURBINE GENERATOR UNIT bv d irgming boiler blow down into the flash ev iporator 
1450 PSIG 1000 1000 F.15 IN HG ABS . e the flash ev iporator operates at a low temperature 
eve illy 110 » 125 deyree | a yvreater percentage 
ol the energy the boiler blow down can be recovered 
were il ed to the hye ofa conventiona 
ed be ey iporator vl h operate at a higher 
{ re icve 


vide | purty water for older power station 
( pera vas 1 tkit , ind ire able oO pro 
e the required quantities of make-up. An artist's cot 
ola i » in illed by Philade phia 
Electric Comp wn on page 86. This 12-stage ver 
50.000 po | xr hourotr Ke Dpto 
' } lrnercedt-t ibe « porator¢ pra 
\ 7 t t ‘ e high-pre re 
I ‘ il , t if 1 ot 
rporated » the regenerative cy Phe proce dia- 
| f that used or the Kuwait units 
| 4 t af ret t resection to rive iter 
A logical extension of the application to older power 
0 err ive tla mney iporator for thy pro 
t large quart es of high-purity water tor cht 
ne ( | ma ner t ancl yo roieu prone ‘ 
ere e perce ive make }) ver higt im ive 
evaporator olten the most economical meat ol 
«| y e desired high-purity make-uy 
summary 
single tave fla evaporator incorporated into team 
wer plant cy ‘ etiect in improvement in feat rate over 
‘ ne lbmerye j-t ibe evaporator The develop 
ent of tlash evaporators has progressed rapidly and at 
100 ' 
= Submerged Tube Evaporator res ipparatus ha evera ignihicar ulvantage 
3 rs) without Evaporator Conddnser The equipment does no require descaling, wl ether it is fed 
2 Submerged Tube Evaporator “ esh or sea water; the distillate ts of extremely high 
? with Evaporator Condenser purity OOS ppm total olid lrom tre h water feed con 


fis nineeaiiead aa centrated to 3000 ppm, or 0.25 ppm from salt water feed 
Flash Evaporator concentrated to 70 000 ppm and chemical treatment can 


be incorporated into the cycle, where necessary oo 


CHANGE IN HEAT RATE 


ABOVE BASIC CYCLE- 


REFERENCI 
l Phe Puriticat of Saline ar Brackish Waters,”’ 1 R. En 
mett, 1957 Proc. Soc. of Water Treat. Examn, Vol. 6, Part 2 
2 Flash | porator for the Dist atior f Sea Water.” | \ 
Frankel, The Institution of Mecha il Engineers, 1959 
5 Flash Evaporator for Distillation of Sea Water,” R. L. Coit 
Y.S. To ikian, Westinghouse ENGINEER, March 1957 


Fig. 6 Effect of make-up on heat rate of a typical plant cycle. p5s-O0 
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ADVANCED ELZCTRICAL SYSTEMS FOR APPLICATION 
TO METAL INDUSTRY DRIVES 


New techniques in electric drive systems are 


being applied rapidly in the metal industries. 


W. H. DAUBERMAN salient motivating forces are 


Industrial Engineering of a high degree of automatio1 


Westinghouse Electric Corporati control techniques with broad 


Fast Pittsburgh, Pennsylvani: and the development of 
optimize, and automatically 
A revolution is taking place in electrical drive systems for increasing demand for mean 
the rapid 


steel and nonferrous rolling mills. Many factors are con tion has resulted in raj 


tributing to the changes now taking place. Perhaps the tools to the steel and nonferro 
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small master switches 


Manual take-over con- 
trol for blooming mill using 
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turn it, and how higl 


should lift. These two bits of data depend on the 


ingot. The tilting tingers are on the right manipul; 
the manipulators contining the ingot for an edg 
are instructed to move to the right with the ingo 
elt manip itor opens ind the ingot ts turned fla 
mil table 

Hot-metal detectors are used to initiate slowd 
m reversa The mill can be made to slow dow 
metal is still in the rolls to prevent the bloom fron 
oo tar trom the n when it leaves. A hot-meta 
at the roll knows when the bar has cleared, and 
reverse the n and 1 ite the screwdown mo 

In the newest packaging for the stat ran 
core storage control tor the blooming n , the enc 
elements are plugged into a module, whicl 
lugged into a rack. The equipment has been cde 
meet n need tor co tv of operation a dr i 
requirements. For the automatic n some oper 
i red ) I n lesk “176 ind Lie € ol I 
SW es Fig. 5) f ma al oO ro ea ) 

ister sw es of Fig. 1 

fora y Itt ) re ereia elwee 
| ‘ lire ) eed ible vo ut 

ret | mera 7 if ‘ ( 
. 4 | v is) | é l¢ irea ( ( 
sta paccele f c rews approa ( ( 
| 5 re \ Tse ed ilter pa ‘ 2 ( \ 1() 

pe rew ( made pert ft 

) é \ r ) ol é ev ¢ 
I ) wv i ite ( 

‘ i ev or ri¢ t ‘ ‘ 


g es 6 and 10, the screwdov 
I ew Ver , 
going D ‘ ) ‘ low ‘ 
t t { ! f > i t ft 
~~ ere ) prod ¢ ‘ 
) ‘ r ri eg re | n ‘ 
bye ‘ \ ) ere ve per ) ‘ 
) ) f , mane er Y 
) Ké I ) ime ¢ { 
computers for mill drives 
( I é ev ompute and progr f 
f ( e, irom! ind proce 
[ r ) t } ft proygra } 
()ne et ) ina yma pro ed 
| { 
if ¢ q! Ve Vel ) 
edules, hence y punched cards on file to 
eede | ( ) puter € if nate | ) 
‘ eal ec r prepared lor €a ¢ 
Ca i oul of lorma ) 
or 1) eT ( I ( ind r 
er (other i is electrica ind ( 
a é I itiol d rela ms ol peed i | rq 
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permanently stored. The computer calculates and puts 


into magnetic core storage the number of passes, draft, 
and speed for each pass of the mill schedule. Such a system 
hown in Fig, 7 
\ far more significant advantage of the in-line computer 
on the reversing roughing mill is its ability to examine in 


dividual slab sizes entering the mill, the mill stand condi- 


ions, and the product characteristics occurring during the 


rolling of a pass, and from these data make adjustments to 


the program to more closely achieve the desired output 


In some cases, the length of a slab must be controlled 


rolling or broadsiding, because in certain sub- 


‘nh CTOss 


equent rolling operations, this length becomes the width 


of the final product 
\ computer can calculate and predict the tinal rolled 
| | 


ngth from information consisting of the actual weight of 
the si ib and prog! immed settings ol mill and edger roll 
ypenings. If the predicted result is significantly different 
required ength, the mill roll separation can be 
changed before the slab enters the mill, thus varying the 
the 


then can change the programmed data for 


thickness accordingly and achieving correct length. 


ibsequent rolling operations to compensate for changes In 


t kness dimension. 
Phe computation for mill setting includes a factor for 
( un of © I housing, o the roiling mi would 
e roll force load ce The roll force, as integrated for a 


fed back to the computer, il different from the an- 





ited value wlities the screwdown ettings tor later 
ses Lo compensate lor the error in the pass that has just 
mpleted 

Ihe roll-force load cells can also be used for an indica 
ol metal 1 e mi ind with the pulse generator 
et or he drive can measure the length of the 
te for the pass rolled; the computer can then calculate 
he tength wi be after the next pass al d then pro- 
t wwadow for the end of the next pa The pulse- 
ny cir en locates this slowdown position during 

e subsequent pass to initiate the slowdown action 
\s a further retinement, thickness for some passes can 
be easured by x-ray gauges. The gauge readings can be 


iveraged over the length of each pass and the value fed 


back to the computer. Again, if this deviates from the set 
ie, corrections can be made in the screwdown setting 
lor ¢ rema Y passe 
\\ t? ni en hou d be po ible to operate the 
vith or withou he roll force or X-ray gauge teedbat k, 
ilso manually if desired 


iron ore to shipping floor programming 


Phe programmed automatic mills now in service repre- 
n i vrea tride forward in the method for rolling steel 
i other meta Phe mill system with in-line computers 
letermine and to optimize mill schedules is another 
té ) 
In the f re more complete coordinated program 
be made for rolling the ing 


wot from the blooming mill 


through the cold mills with the full history of the ingot 


ompan r it. Thus steel characteristics and bar pro 

vill be kno Ilvance and mill adjustments can be 
made to compensate for them as thev reach the mills; the 
result will be a higher premium product * 
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Time relations for mill auxiliary drives. 
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Fig. 7--Block diagram for computer controlled plate mill. 
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THERMOELECTRIC MODULES FOR 
COOLING 


Practical thermoelectric cooling de- 
vices for military 1 industrial appli 
cations have now emerged from an 
extensive research and development 
progral These ire “thermoelectri 
modules” for cooling electronic com 
ponents d other applications where 
ompactness, silent operation with no 


moving parts la trolled cooling 
rate are desired 

The modules are designed in a 
Variety of s ipes nd SIZes for simpie 
mounting 1 iny position when used 
with transistors, diodes, and other 
electron ymponents 

The bas units be pnysk lly 
par eled to coo ge flat area, or 


WHAT'S 


eca;rry |) 
spots 

ind equipt 
hioher n 
treater I 


w) 
cold surf 

depends o 
( e Dbetwe 
faces of the 
module (1 


he compone nt below am 


i res 
tric Coo gon the other 
es a lower local tempera 
ment for electronic com 
result, the probability of 
ent failure due to “hot 
” SII tiy reduced, 
t can be operated in 
ent temp tures Wit! 
ty 
um hy ) tv (rate t 
be re ved from the 
of the module coolers) 
the temperature differ 
the tt and cold sur 
ooler, and on the power 
init. As example, one 
ce WXSI16 maintain 
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CYPAK CONTROL SYSTEM FOR 
STEEL PIPE PRODUCTION 


Steel pipe for the oil industry is auto 
matically positioned at each welding 
Station by a ( yoak control system at 
the Consolidated Western Steel Com 
pany in Provo, Utah. 

The Cypak system sequences the 
pipe-manipulating devices so that the 
first pipe to enter the storage area will 
stop at the first inside-diameter, semi 
If one of the 
succeeding welders at one of the 
should this pipe, 
operator mere ly presses his “call” but 
ton, and the pipe 


vances to his station 


automatic welder station 
live 
the 


Stations need 


automatically ad 

The steel pipe Is held either in the 
conveyor or Waiting Station The con 
stations are filled in the order of 
fand 5, the waiti 
} filled in the 
>, & om a)» we 
station before each convevor 


ot the 


vevor 


ie eX ng sta 


white 
reverse sequence 
use of the w 
Station, 
age capacity area 1s doubled 


stor 
and maximum availability of steel 
j 


pipe is provided without requiring re 


al of the pipe-handling equipment 


posit! ms of pip al d thie De ria 
tion of the pipe manipulators are de 
tected by ( ximity witches 





tor Irom mechanical damage and pro 
vides a convenient means of adjusting 
( t between the detector head 
I the pipe. When the steel pipe is i 
the proper positlo the proximity 
switch stops the conveyor and ini 
tiates the n ipulator control to dis 
charge the pipe to the inclined rails 
When the ide diameter weld 
completed, the operator presses on 
trol button to discharge the pipe from 
Ss Statllo The Cypak ystem takes 
over at t point to automatically 
gather the pipe from the parallel-tlow 
veld v tations and transfers it to the 
cries-flow pipe conveyor. The pipe is 


t tomat y directed through 
tlux-recover tation and, f tllv, to 
Inspectior tatlo 
The ( ypak ystem cubicles are 

mounted on a balcony and each cabi 

net is equipped with a Cypak system 
tester for maintenance use. Ten per 
cent additior space is provided in 


lor chanyes in 


sequence * 





WORK STARTS ON SAXTON 
NUCLEAR REACTOR 


Construction of a nuclear reactor ne ir 
Saxton, P lor the Saxton Nuclear 
Experimental Corporation was sched 
uled to beg luring the month of 


February | tior WOrkK 
involves the ret yf estimated 
6000 cubic yards of material. most} 


rock, was expected to require ibout 
three mont! ) mpilet 

A cylindri 5 wd, dome-topped 
building 50 feet in diameter and 110 
feet high will | erected in this “pit 
so that 40 to 50 percent of it w l be 
below ground Ve Phe bu ding wi 
plates, Iptot e-quarters of 
In thick 


ers ol the rf tor. W 


gresses, parts of the nuclear re r 
will be tabr t DV Sever suppliers 
One of the n I mponents \ 
a reactor vesse ( ndr n shane 
the vessel w be SS inches in diameter 
vith an ove f 17 feet 
1 weight of SO | ra 1 
proximately five i eS thick, Will b 
constructed of carbon steel and lined 
with sta s 

Insick t t ely S 
unit, ur fissioned 
and heat g ! € process Ww 
be used to t ( per ( 


a turbine P SvVI\ Electr 
Company's nearby Saxton power gen 


erating sta 


heat can be tpt ed from burning 


l two r rr { 


of servomechanisms. In 1947 he was veloped two ew types of high- 








Left 


or ‘‘hotshot™’ 


wind tunnel 


Diagram of a typical capacitor-discharge wind tunnel, 
This type of tunnel! is used to ap 


proximate conditions encountered in supersonic and hyper 


sonic flight 


The collector shown 


in the diagram is mounted 


on a Carriage so that it can be disconnected from one tunnel 


ENERGY STORAGE SYSTEM FOR 
McDONNELL WIND TUNNEL 
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tank and attached to another in a matter of minutes. Thus, 
both tunnel-tanks can be operated with only one power pack, 
one capacitor bank, and one collector. 


Right 


This new image orthicon tube 


7611, has double the 


life expectancy of the standard 5820 tube. 


DOUBLED LIFE 


KDKA 


third NEW IMAGE ORTHICON HAS 


EXPECTANCY 


t t to proces Md ethod virt ‘ I ite 
- pebentio recently de 
si) 7 ] r t onger operat { le tort . 
ro t ‘ mie tryhve Sim ' 
ble ' new tubs 611 14Mbour 
‘ rrant rather t n the S500-hour 
to the rr t | yr to ther mage 
er The ort 0 S e the st of the new 
or tub , bout 20 percent tbove 
mnected the t of tandard 5820 image 
ect to ort ‘ tele ion Station operators 
r ‘ bstantial reduction in 
er pack the hourly cost of camera tube opera 


rV in Pitt 


sburgh, 


me of the first 7611 image orth 


cTe ¢ 
I if tube re ed in service for 1825 
st) ‘ i r 
r ( ()ther ad tayes resulting Irom the 
be tubs im! tv to image retention 
hamber re its lo sceptibilit to raster 
pur ind eur tion of the eed for 
t IT orbiter Wit the new tube the 
to per camera can be focussed on stator 
15 ry studio scene for several minutes 
pleted thout permanent damage 


7611 ort! 


Mor changeable 


corpo na dentical pert 
stored t except for tl 
2 1 over 


icon directly inter 


with the 5820 orthicon and 


iracteris 


ormance cl 


e 7611's high 


er sensi 


t longer ope rating life s 
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S. W. HERWALD clirects the act the 
Westing} ise Central 


whic? ( ( r ese ct i 1 
‘ D ‘ epa ( 1 he 
we y iboratorie 
tr ' , 
i poke ia ) r 
( I ee i eng ecring A ¢ ‘ 
b t ? Kg ] t Vveve ( 

{ ( ( Xp cet? ri 
ect. Molecular 
et ave yreate me 
I r ' ’ 
pote ‘ | r NCE 
vices | ri ip ine vhere t 
extreme e and vy weight ¢ 
te ised re { i age Bef re 
T) ’ r ‘ rm 
ipp ¢ prese p 
Herwald } } - 

( il i et icces r 
gineering inage ind’ manager f ( 
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